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migration and invasion ca
was quantified by Western

\ mvasion of experimental cells. In addition, knock-
down of circZFR R -206 expression. Moreover, the antigrowth, antimigrating

and a of si-circZFR were attenuated when downregulating miR-206.

p target gene of miR-206 in experimental cells. The suppression on
® was acted by targeting miR-206/Met axis.

sults demonstrated si-circZFR inhibited cell growth, migration and
b experimental cells by up-regulating of miR-206. Furthermore, si-circZFR sup-
B-catenin and PI3K/AKT pathways via targeting miR-206/Met axis.
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Introduction
Renal cell carcinoma (RCC) is the most common type of renal cancer, accounting for
approximately 80% of the total samples.' RCC also comprises 2—-3% of all malignancies.’
So far, surgery is still the main effective treatment means for RCC. In addition, partial
nephrectomy is the most efficient therapeutic measures for clear cell RCC (ccRCC).
However, 40% of patients with ccRCC relapse after surgery;® it may due to cancer cell
unrelenting growth and metastasis. Moreover, other therapeutic options, such as che-
motherapy, radiotherapy and immunotherapy, have not achieved satisfying therapeutic
effect, because RCC is resistant to these therapies. Although some kinase inhibitors have
been used in clinical practice, metastatic renal cell carcinoma is still largely incurable
because of the nontargeted effects of current drugs.* Therefore, identifying novel ther-
apeutic markers and targets for early detection and treatment of RCC is necessary.”
Circular RNAs (circRNAs) are an innovative race of RNAs belonging to noncoding
RNA (ncRNA),® and they have been widely found in many species by high throughput
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sequencing in recent years.”® circRNAs are constituted of
covalently closed-loop structures with neither 5" to 3' polarity
nor polyadenylated tail” circRNAs have been widely
informed to play critical roles in multifarious human cancer
cells'® and regulate multiple cellular mechanisms. Moreover,
compared with linear RNA, circRNAs have closed-loop struc-
ture to confer their higher stability and tolerance to RNA
enzyme. There are plenty of studies which reported that
circRNAs played vital roles in squamous cell carcinoma,
gastric cancer and so forth.'""'* However, the mechanism of
circRNAs effect on RCC is still limited. Previous studies
revealed that circZFR promoted hepatocellular carcinoma,'”
papillary
Nonetheless, the function of circZFR on RCC remains unclear.

MicroRNAs (miRNAs) are small ncRNAs molecules that
transcription. '

thyroid carcinoma'® and gastric cancer.'*

control gene expression level after
Accumulating evidence shows that miRNAs represent abnor-
mal expression in many human tumors, such as RCC, lung
tumor and breast tumor.'®'® And miRNAs function as an
indispensable regulation factor in initiation, development
and metastasis of tumor."”” miR-206 was widely acknowl-
edged in cancer. For instance, miR-206 reduced osteosarcoma
cell malignancy in vitro.”° In addition, Cui et al elucidated that
miR-206 suppressed proliferation and forecasted poor pr
nosis of cervical cancer cells.?! Furthermore, Met w
reported to play a vital role in prompting RCC.** £
the target gene of miR-206.

In the current investigation, we aim to

Materials And
Clinical Specim

sents. The presS@research was allowed by the Medical

Ethics Committee Mgyyi People’s Hospital.

Cell Culture

Human kidney cancer CAKI-1 and ACHN cells were
attained from American Type Culture Collection (ATCC,
Manassas, VA, USA). Cells were developed in Roswell
Park Memorial Institute-1640 (RPMI-1640) medium
(Gibco BRL, Gaithersburg, MD, USA) containing 10%
fetal bovine serum (FBS, HyClone Technologies, South

Logan, UT, USA). The experimental cells mentioned
above were inoculated in an incubator of 5% CO, at 37°C.

Cell Transfection

circZFR small interfering RNA (si-RNA), si-negative con-
trol (NC), miR-206 inhibitor and the NC inhibitor were
prefabricated (Life Technologies, Carlsbad, MD, USA)
and were transfected into the cell lines used in the experi-
ments. 48 hrs was chosen as the optimal harvest time in
the consequent experiments.

Cell Viability

Cells were inoculated in a 9

Japan). In brief,
was appended

ith paraformaldehyde (Sigma Aldrich, St Louis, MO, USA)
and stained with crystal violet (Sigma Aldrich) for 15 mins at
room temperature. The number of colonies was calculated by
utilizing a microscope (Olympus 1X81, Tokyo, Japan).

Apoptosis Assay

Cells were inoculated in a 6-well plate for 1x10° cells per
well. After incubation, treated cells were rinsed twice
gently with cold PBS. Apoptotic cells were detected utiliz-
ing Annexin V-FITC/PI apoptosis detection kit (Beijing
Biosea Biotechnology, Beijing, China). The apoptosis of
CAKI-1 and ACHN cells was quantified by flow cytome-
try (Beckman Coulter, Atlanta, GA, USA).

Luciferase Reporter Assay

Cells were seeded in 12-well plates, which were divided
NC mimic group and miR-206 mimic group. Each group
was transfected with circZFR-wt and circZFR-mut by
Lipofectamine 2000 (Invitrogen, San Diego, CA, USA)
in antibiotic free medium for 48 hrs. Luciferase activity
was measured with the Dual-Luciferase®™ Reporter Assay
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System (Promega, Madison, WI, USA). The relative luci-
ferase activity was normalized.

Western Blot Assay

Proteins of experimental cells were separated by RIPA
lysis buffer (Beyotime Biotechnology, Shanghai, China)
(Roche,
Switzerland). An equal amount of extracted protein was
evaluated utilizing the BCA™ Protein Assay Kit (Pierce,
Rockford, IL, USA). Each protein band were detached by
10% SDS-PAGE and then transferred onto a nitrocellulose
membrane (Millipore, Boston, MA, USA). Afterward, the
appropriate primary antibodies were diluted and incubated

fortified with protease inhibitor Basel,

with the membranes at 4°C overnight. Primary antibodies
were listed as shown below: cleaved-caspase-3 (No.
ab2302, Abcam, Cambridge, MA, USA), cleaved-cas-
pase-9 (No. ab2324, Abcam), MMP-9 (No. ab38898,
Abcam), vimentin (No. ab8978, Abcam), Wnt3a (No.
ab28472, Abcam), PI3K (No. ab151549, Abcam), p-PI3K
(No. ab138364, Abcam), P-catenin (No. 9562, Cell
Signaling, Boston, MA, USA), AKT (No. 4685, Cell
Signaling) and p-AKT (No. sc-271966, Santa Cruz
Biotechnology, Santa Cruz, CA, USA). B-actin (No. sc-

the upper cham®€r preprocessing with Matrigel (Corning,
Corning, NY, USA). Cells in the upper chamber were
suspended in 200 pL serum-free culture media. The
lower chamber was added with 600 puL. complete media
containing 10% FBS. After cultivation for 48 hrs, the
experimental cells which were not able to migrate or
invade would maintain in the upper chamber and they
were transferred gently with a cotton swab, and the
migrated or invaded experimental cells were immobilized

with 4% paraformaldehyde (Beyotime) for 30 mins and
then dyed utilizing crystal violet solution for 15 mins. The
cells were calculated using a microscope. And statistics
were illustrated as the mean value of experimental cells
adhered to the underside of the chamber of the five sto-
chastic selected fields for each chamber.

Quantitative Real-Time PCR
Total RNA was separated from transfected cells utilizing
tizol reagent (Invitrogen) as stated in the manufacturer’s

protocols. RNA concentration apg ity were measured

utilizing the
Spain). The

was repeated at least triple times. The
rious experiments was performed as the

SS, Chicago, IL, USA). The p-values were
sined by a one-way analysis of variance (ANOVA)
or Student t-test. A p-value of <0.05 was considered
statistically significant.

Results
circZFR Is Remarkably Expressed In

Renal Carcinoma Tissues And Cells

To investigate whether circZFR expression was changed in
RCC tissues and cells, qRT-PCR was utilized to assess
circZFR expression. As shown in Figure 1A, circZFR
expression was remarkably escalated in renal carcinoma
tissues as compared with para-carcinoma tissues (p<0.001).
Moreover, the circZFR expression in renal carcinoma cells
and normal tubular epithelial cell line was detected. And the
expression was notably raised in CAKI-1, ACHN, A498 and
KTCTL-26 cells (p<0.05 or p<0.01, Figure 1B).

Knockingdown circZFR Inhibits Cell
Proliferation And Induces Apoptosis Of
CAKI-1 And ACHN Cells

To investigate whether si-circZFR was transfected into the
experimental cells successfully, qRT-PCR was carried out
to access the expression level of experimental cells. Both
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in CAKI-1 and
significantly decrea:

ACHN cells, circZFR expression was
1 under the condition of knocking
down circ-ZFR (p<0.01, Figure 2A). The consequences
of CCK-8 assay suggested that cell viability was inhibited
by knocking down the expression of circZFR (p<0.05
or p<0.01, Figure 2B). Sequentially, colony formation
assay was utilized to measure the colony formation capa-
city of experimental cells; knockdown of circZFR strongly
20).
Furthermore, apoptosis of cells was estimated by flow

suppressed the proliferation (p<0.01, Figure

cytometry, and knockdown of circZFR notably developed
the apoptosis rate (p<0.001, Figure 2D). As indicated in
Figure 2E-H, the cleaved-caspae-3 and cleaved-caspase-9
expression was all notably raised in CAKI-1 and ACHN
cells (p<0.001). All data indicated that silencing circZFR
could inhibit the proliferation and induce apoptosis and the
cleavage of caspases in CAKI-land ACHN cells.

Knockingdown circZFR Inhibits The
Migration And Invasion Of CAKI-1 And
ACHN Cells

To further investigate whether

mental cell migration and i
utilized. Ability of cell mg
declined by silencing

Target Of circZFR

analysis indicated that miR-200 was a candidate
cZFR “target. The circZFR sequences were cloned to
orm reporter plasmids. Luciferase reporter assay results
owed that upregulating miR-206 reduced the luciferase
activity of circZFR-wt (p<0.05). However, the luciferase
activity showed no significance on circZFR-mut when up-
regulating miR-206 (Figure 4).

Knockingdown circZFR Elevates miR-206

Expression

In order to determine the relation between circZFR and
miR-206, miR-206 expression was stimulated by silencing
circZFR. miR-206 expression level was strongly raised by
knockdown of circZFR (p<0.01, Figure 5).

Knockingdown circZFR Inhibits
Proliferation And Induces Apoptosis Via
Upregulating miR-206

To identify whether miR-206 was transfected into experimen-
tal cells successfully, qRT-PCR was utilized to identify miR-
206 expression. miR-206 expression was remarkably
enhanced after transfected with miR-206 inhibitor (p<0.01,
Figure 6A). As shown in Figure 6B, viability was attenuated
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Figure 2 Knockdown of circZFR restrained cell viability, proliferation and stimulated apoptosis in the experimental cells. (A) circZFR expression was assessed by gRT-PCR.
(B) Cell viability of the experimental cells was evaluated by CCK-8 assay. (C) Colony formation capacity was identified by utilizing colony formation assay. (D) Flow
cytometry was carried out for apoptosis rate. (E-H) Western blot was performed to identify cleaved-caspase-3 and cleaved-caspase-9 protein expression in the
experimental cells. *p<0.05, **p<0.01, ***p<0.00| compared with marked group in the graph.
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when downregulating miR-206 (p<0.05). Similarly, the
decline of colony formation capacity was alleviated by down-
regulating miR-206 (p<0.05, Figure 6C). Flow cytometry was
utilized to measure the apoptosis of experimental cells. The
apoptotic cells were partly lessened by when downregulating
miR-206 both in CAKI-1 and in ACHN group (p<0.05, Figure
6D). Changes of cleaved-caspase-3 and cleaved-caspase-9

MMP-9 Vimentin

gaentin expression was evaluated by Western blot in the experimental cells. ¥p<0.05, **p<0.01 compared with marked group in the

expression in CAKI-1 cells were identified by Western blot.
This protein expression was notably declined by downregulat-
ing miR-206 in CAKI-1 cells (p<0.01, Figure 6E and F). The
expression of proteins mentioned above in ACHN cells was
detected by Western blot. As expected, this protein expression
was notably declined by downregulating miR-206 in ACHN
cells (p<0.05 or p<0.01, Figure 6G and H).
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Figure 4 miR-206 was the target of circZFR. (A) mir-206 and circZFR-binding sites
were predicted. (B) Relative luciferase activity was determined by luciferase repor-
ter assay. *p<0.05 compared with marked group in the graph.

**

Relative expression/Control

CAKI-1

In the transwgassay, cell migration and invasion were
notably raised 111 a certain degree in both CAKI-1 and
ACHN cells (p<0.05, Figure 7A and B). As the data
suggested in Figure 7C and D, MMP-9 and vimentin
expression was declined by knockdown of circZFR in
CAKI-1 cells (p<0.05 or p<0.01). Meanwhile, this protein
expression mentioned above was notably raised by down-
regulating miR-206 expression in ACHN cells (p<0.05 or

p<0.01, Figure 7E and F).

Met Is The Target Of miR-206 In CAKI-1
And ACHN Cells

To confirm the effect of miR-206 on Met, gene expression
and protein expression of Met was quantified utilizing
gRT-PCR and Western blot. First, miR-206 gene expres-
sion was dramatically elevated both in CAKI-1 and in
ACHN cells (p<0.001, Figure 8A). As indicated in
Figure 8B and C, Met expression was remarkably declined
by upregulating miR-206 in CAKI-1 and ACHN cells
(p<0.01). Oppositely, Met expression was markedly raised

notably reduced
However, Met-m

circZFR Suppressed Wnt/
3K/AKT Pathways
hrough@Jpregulating miR-206

, Met expression was silenced in CAKI-1
ells. Met expression was remarkably declined
oth cells (p<0.01, Figure 9A and B).

determine the potential mechanism of circZFR,
Western blot was carried out to assess the associated
protein expression. Wnt3a and B-catenin expression was
obviously reduced when silencing circ-ZFR (p<0.05).
Conversely, Wnt3a and B-catenin expression was remark-
ably elevated by downregulating miR-206 in CAKI-1 cells
(p<0.01). Subsequently, the expression was markedly
declined when downregulating Met (p<0.01, Figure 10A
and B). Similarly, Wnt3a and B-catenin expression showed
the same changes in ACHN cells (p<0.05 or p<0.01,
Figure 10C and D). In addition, the rates of p/t-PI3K and
p/t-AKT were strongly reduced when silencing circ-ZFR
(p<0.05). Moreover, the rates were escalated when down-
regulating miR-206 (p<0.01). Furthermore, the escalation
was reversed by downregulating Met in CAKI-1 cells
(p<0.01 or p<0.001, Figure 10E and F). Sequentially,
PI3K and AKT expression was detected in ACHN cells.
The rates of p/t-PI3K and p/t-AKT were similarly reduced
by silencing circZFR (p<0.05). And the rates then elevated
by downregulating miR-206 (p<0.05 or p<0.01). Finally,
the rates were dramatically declined when downregulating
Met (p<0.01 or p<0.001, Figure 10G and H).

OncoTargets and Therapy 2019:12

submit your manuscript

7543

Dove


http://www.dovepress.com
http://www.dovepress.com

Wang et al

Dove

A

— 1.51
(<]
§ *k **
S 1.0 I 1 @8 Control
] .
@ NC in
£
2 @8 miR-206 in
O 0.5+
[
=
=1
©
°
X g0
CAKI-1 ACHN
150+
9
_5100_ Control
E si-NC+NC in
° si-circZFR
< 50 +NC in
c si-circZFR
2 +miR-206 in
(&)
D-
CAKI-1 ACHN
&
N >
- Py
(9] Q
& & &
& & L

cleaved-

ase-9

S s cleaved-Caspase-3

s i cleaved-Caspase-9

1501

Cell viability (%)

Apoptotic cells (%)

I Relative expression/C

Relative expression/Control

1001

501

* %
— * %
r S— ontro
k- I @8 Control
0 si-NC+NC in
si-circZFR
B8 INCin
si-circZFR
B8 miR-206 in

CAKI-1 ACHN

i-circZFR
+NC in

6n

si-circZFR
+miR-206 in
*k* hx
—_—% *%
@8 Control
[ si-NC+NC in
si-circZFR
&8 iNCin
si-circZFR
- = B8 miR-206 in
cleaved- cleaved-
Caspase-3 Caspase-9
ACHN
*hk 4 XK
@8 Control
[ si-NC+NC in
si-circZFR
B8 ANCin
si-circZFR
- - 8 miR-206 in
cleaved- cleaved-
Caspase-3 Caspase-9

Figure 6 Knockdown of circZFR decreased cell viability, proliferation and apoptosis by upregulation of miR-206. (A) miR-206 expression was identified by utilizing qRT-PCR.
(B) Cell viability was estimated by CCK-8 assay. (C) Colony formation assay was carried out to identify the proliferation in the experimental cells. (D) Flow cytometry was
operated to assess the apoptosis rate. (E-H) Western blot was utilized to quantify protein expression as shown in the graph in the experimental cells. ¥p<0.05, **p<0.01,

**¥p<0.001 compared with marked group in the graph.
Abbreviation: In, inhibitor.

submit your manuscript

7544

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove Wang et al
150+ 150~
S *% * %k < **
= — _— @8 Control < Z*
§ 1004 I = I @8 Control
B si-NC+NC in 7 si-NC+NC in
(=2}
= si-circZFR £ g SiCircZFR
2 . +NC in o +NC in
= si-circZFR kS g SicircZFR
o +miR-206 in & +miR-206 in
0+
CAKI-1 ACHN
CAKI-1 o
,‘9
0\0 &
o & & B
& & &K & g
& & & 9
(@) > % % _5 @8 Control
r——— | 11X g Si-NC+NC in
g si-circZFR
si-circZFR
+miR-206 in
A S S S -actin
Vimentin
ACHN <o
< a»
< &
> xé x<° —
5
Q Control
[
2 si-NC+NC in
[}
::.’ si-circZFR
NG
Vimentin $ NCin
- si-circZFR
L +miR-206 in
14

circRNAs have
However, the functions of circRNAs are recognized in

been found for more than 40 years.

recent years. Accumulating researches illustrated that
circRNAs
pathogenesis.'®> For instance, circPPPIRI2A promoted

played vital roles in human cancer
the growth, proliferation, invasion and metastasis of
colon cancer via Hippo-YAP signaling pathway.”> Wu et
al demonstrated circTADA2A increased the migration,

invasion and proliferation of osteosarcoma cells and

MMP-9

functioned as a tumor promoter in osteosarcoma.>*

Hsa circ_ 0000337 was proved to conduct proliferation,
migration and invasion capacity of esophageal squamous
cancer, indicating hsa_circ_0000337 as a lardaceous diag-
nostic biological marker and possible therapeutic spot.>
According to previous research, Wei et al investigated
the function of circZFR in papillary thyroid cancer cells
and the relationship between circZFR and miR-126."
However, the relationship between circZFR and RCC
remains widely unknown. We examined the effect of
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c¢ZFR on experimental cells for the first time in the
urrent investigation. The data suggested that circZFR
as exceedingly expressed in tumor tissues. We revealed
that knockdown of circZFR suppressed viability, migration
and invasion capacity of the experimental cells. Moreover,
we speculated the potential pathways and the relation
between circZFR and miR-206. The results indicated that
circZFR promoted RCC progression via Wnt/B-catenin
and PI3K/AKT pathways.

miRNAs participated in numerous biological and patholo-
gical proceedings, such as proliferation, metastasis, apoptosis
and so on.*'* According to Wei’s research, miR-206 expres-
sion in RCC cells and tissues was both notably downregu-
lated; miR-206 suppressed the growth, proliferation and
migration in RCC cell lines.?® Similarly, Cai et al investigated
that downregulating miR-206 expression had an effect on
suppressing proliferation and invasion in ccRCC.?” Those
research indicated miR-206 was a critical factor in tumorgen-
esis and development. Besides, miR-206 inhibited prolifera-
tion and migration on hepatocellular carcinoma cells.”® In the

current research, we also suggested that miR-206 played a
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Figure 10 circZFR exerted its function by targeting miR-206/Met axis in CAKI-1 and ACHN cells. (A-D) Wnt3a and B-catenin expression was estimated utilizing Western
blot in CAKI-I and ACHN cells. (E-H) t-PI3K, p-PI3K, t-AKT and p-AKT expression was examined utilizing Western blot in CAKI-1 and ACHN cells. *p<0.05, **p<0.01,

*###p<0.001 compared with marked group in the graph.

crucial role as a suppression factor in RCC. Furthermore,
miR-206 could act as a downstream effector of circZFR, as
its expression was negatively regulated by circZFR, and the

effects of circZFR silence on RCC cell lines were attenuated
when miR-206 was silenced. Nowadays, accumulating studies
indicated circRNAs could exert their function through binding
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with miRNAs.?*>° For instance, circZFR was proved to pro-
mote hepatocellular carcinoma development via regulation of
miR-3619-5p/CTNNBI axis.'° circZFR promoted cell prolif-
eration as well as invasion capacity on papillary thyroid tumor
by regulating miR-1261." In our study, we investigated the
correlation of circZFR and miR-206, knockdown of circZFR
remarkably upregulated miR-206 expression both in experi-
mental cells. Furthermore, circZFR could effect viability,
proliferation, apoptosis, migration and invasion capacity by
upregulating miR-206. In addition, further studies are still
required to confirm this hypothesis.

Met is a receptor tyrosine kinase that is dysregulated by
gene mutation, gene amplification, protein overexpression
and ligand-dependent autocrine or paracrine loops.*! In
both clear and nonclear cell RCC, the increase of both
total Met and phospho Met expression is associated with
poor prognosis.®* Besides, Met was the target gene accord-
ing to a previous study. Moreover, Met was studied to be
functioned in RCC.** Another study reported that Wnt/p-
catenin pathway was the downstream effector of Met in
glioblastoma stem cells.>* In the current study, Met expres-
sion was remarkably declined by upregulating miR-206 and
then notably elevated when downregulating miR-206 j
CAKI-1 and ACHN cells. Combined with luciferase rep
assay, we confirmed that Met could be targeted by miR-20

Wnts function in encoding a wide famy
proteins which have various roles in ce
migration and differentiation.>® Wnt f;
vital part in human organogenesi

signaling pd ging as a decisive molecule
in the pathogen®
reported that the &

correlated with high incidence.>® Thus, we detected Wnt3a

of renal cancer. Accumulating research
gexpression of B-catenin in RCC is

and B-catenin expression, which was decreased by knock-
ing-down circZFR, and the decrease was reversed by
silencing the expression of miR-206. Subsequently, the
expression was dramatically declined by downregulating
Met. The data indicated knockdown of circZFR sup-
pressed Wnt/B-catenin signaling pathway via upregulation
of miR-206 and Met expression.

PI3K/AKT pathway is genetically spotted in more
pathway ingredients and in more tumor sorts than other
growth factor signaling pathways. PI3K/AKT signaling
pathway is moderately muted but exceedingly triggered
in RCC and represented a bright treatment target. As a
matter of fact, PI3K pathway inhibitors are authorized for
use in RCC.*° In our study, we proved that PI3K/AKT
signaling pathway was suppressed by circZFR. On the
other hand, silencing miR-206 and Met reversed the sup-
pression. These findings indicated the mechanism of
circZFR had an affect on RCC throue
ways mentioned above by targetip

hese two path-

Conclusion
On the whole, the pres
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